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Abstract 
A metal-semiconductor field effect transistor was constructed with a ZnO nanowire by nanomanipulation and 
electrical properties were measured by a semiconductor characterization system. The contacts between ZnO nanowire 
and Ta source/drain electrodes were Ohmic, while Schottky barrier was formed between ZnO and the tungsten probe 
working as the gate. This MESFET was demonstrated to be depletion mode and the transconductance maximum was     
-2.1pA/V with the gate voltage of -5V. Moreover, the corresponding threshold voltage reduced by 1.37V as the 
source-drain voltage increased from 0 V to 3 V. The results indicated that these devices could be used as storage 
components. 
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成肖特基接触作为栅极。测试结果显示该 MESFET 为耗尽型，门电压为-5V 时，跨导 gm达到最大值为                  


















   用化学气相沉积法在水平管式炉中，在 850 ℃，300 sccm Ar/3 sccm O2的混和气氛下加热纯
Zn 粉 20 min，在下游镀了 20 nm 厚度 Au 的 Si 片上收集到大量白色绒状物，经过 X 射线衍射
(XRD: Rigaku DMAX-RB)和拉曼谱(Raman: Jobin-Yvon HR800)分析,确定为 ZnO。在电子显微镜
(SEM: JSM-6490)下可以清晰观察到 ZnO纳米线。 
    通过紫外曝光和磁控溅射，在绝缘硅片(镀有 200 nm厚的 SiO2)上制备了梳状钽电极，相邻齿
间隔 5 μm，单齿宽度为 5 μm。 





3.1. ZnO纳米线 MESFET的构建 
  从图 1(a)X 射线衍射谱(XRD)可以看出，产物的结晶度很高，所有的衍射峰与六方纤锌矿的
ZnO的峰吻合(Au来自催化剂)，晶格参数为 a=3.2496Å，c=5.2065Å，没有杂质峰出现表明生成的
产物纯度很高。图 1(b)为常温下产物的拉曼光谱，位于 98，203，334，380，410和 438 cm−1的拉
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图 1 ZnO纳米线的 X射线衍射图谱和拉曼光谱图 
Fig.1. (a) XRD and (b) Raman spectra of the as-synthesized ZnO nanowire. 
由低倍扫描图像图 2(a)可见，大量 ZnO 纳米线交织在一起。用纳米操控探针将其中直径为




将纳米操纵的钨探针分别接在两个钽电极上，加载电压(从-20 V 到 20 V)，电流呈直线上
升，如图 3(a)中红线所示，说明钨针与钽电极是欧姆接触。Kihyun Keem等[25]用 Au-Ti合金做电
极，与 ZnO纳米线形成欧姆接触。相比 Au-Ti合金，钽电极具有成本优势。之后将纳米操控的钨
探针分别与 ZnO 纳米线两端接触，加载电压(从-20 V 到 20 V)，电流如图 3(a)中蓝线所示，说明
钨针与 ZnO纳米线是肖特基接触。 
保持门电压 VGS不变，源漏极间电压 VDS从-5 V升高到 5 V。图 3(b)显示源漏极间电流 IDS随
VDS增大而增大。改变门电压 VGS大小，分别记录门电压 VGS为-4 V，-2 V，0 V，2 V和 4 V下的   
IDS-VDS曲线。 
将 VDS恒定设为 5 V，VGS从-5 V 变化到 5 V，其 IDS-VGS曲线如图 3(c)中红线所示。可以看
出，当 VDS恒定时，IDS随 VGS的增大而减小，所以该场效应晶体管为耗尽型。计算 VDS为 5 V 时
的跨导 gm(单位为 pA/V)，在 VGS为-5 V时，跨导 gm达到最大值为-2.1 pA/V，如图 3(c)中蓝线所
示。在饱和区域，饱和电流 IDsat与门电压 VG之间的关系可以用以下公式表示[26]： 
  (1)                                                   VV
2aL
ZI                                       2thGDsat 

 
Z 是沟道宽度(方向垂直于纸面)，μ 是电子迁移速率， 是介电常数，a 是沟道厚度，L 是沟
道长度。Vth是控制场效应晶体管开断的门极临界电压，被称为阈值电压。 
根据实验数据，作 IDsat1/2-VG曲线，如图 3(d)所示，当 VDS从 0 V升到 3 V时，阈值电压减小
了 1.37 V。基于这一现象，我们可以设计更多类似于浮点门电极的器件。通过热电子注入或者隧
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    这里我们定义 0 V 时的 ID-VG曲线为“0”状态。如果我们把阈值电压|Vth|≥1.37 V 的状态
定为状态改变，|Vth|＜1.37 V设定为状态不变。则当 VDS由 0 V升到 3 V时，|Vth|=1.37 V，我
们就可以认为该器件的状态由“0”变为“1”，即在 3V 时得到“1”状态，实现了编辑操作；反
之当 VDS由 3 V降到 0V时，器件状态由“1”变为“0”，实现了擦除操作。 
 
 
图 2  ZnO纳米线的 SEM照片、MESFET实物图和示意图 
Fig. 2.  (a) and (b): Different magnification SEM images of ZnO nanowires; (c) picture of MESFET; (d) schematic of MESFET. 
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图 3 (a) W-Ta及W-ZnO接触 I-V图, (b) IDS-VDS输出特性曲线, (c) ID-VG及跨导 gm, (d) IDsat1/2-VG电子转移特性曲线 











随 VDS增大而增大。VDS恒定时，IDS随 VGS增大而减小。因此该 MESFET为耗尽型。VDS由 0 V升
到 3 V时，阈值电压减小 1.37 V。将 VDS为 0 V时定义为状态“0”，将 VDS为 3 V时定义为状态
“1”。该MESFET可以用作存储器。 
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图 4 (a) 等效电路图，(b) 零偏压状态下能带图，(c) 加偏压状态下能带图，(d) 加偏压后电荷运动和分布图 
Fig. 4. (a) Equivalent-circuit diagram; (b) bandgap diagram for the Schottky gate when VG=VM; (c) bandgap diagram for the 





References   
[1] Yeom D, Kang J, Lee M, Jang J, Yun J, Jeong D et al. ZnO nanowire-based nano-floating gate memory with Pt 
nanocrystals embedded in Al2O3 gate oxides. Nanotechnology 2008;19:395204-1–395204-5. 
[2] Yanagida T, Oka K, Taniguchi M, Kawai T, Kim J, Park B. Resistive Switching Multistate Nonvolatile Memory Effects 
in a Single Cobalt Oxide Nanowire. Nano Lett 2010;10:1359–63. 
[3] Yu CQ, Wang H. Large near-infrared lateral photovoltaic effect observed in Co/Si metal-semiconductor structures. Appl 
Phys Lett 2010;96:171102-1–171102-3. 
[4] Sun JL, Zhang W, Zhu JL, Bao Y. Negative photoconductivity induced by surface plasmon polaritons in Ag nanowire 
macrobundles. Opt Express 2010;18:4066–73. 
[5] Zheng GF, Gao XP, Charles M. Lieber. Frequency Domain Detection of Biomolecules Using Silicon Nanowire 
Biosensors. Nano Lett 2010;10:3179–83. 
[6] Das SN, Kar JP, Choi JH, Lee T, Moon KJ, Myoung JM. Fabrication and Characterization of ZnO Single Nanowire-
1477Xin Li et al. / Procedia Engineering 27 (2012) 1471 – 1477 X. Li, et al. / Procedia Engineering 00 (2011) 000–000 7 
Based Hydrogen Sensor. J Phys Chem C 2010;114:1689–93. 
[7] Wang ZL. Piezotronic and piezophototronic effects. J Phys Chem Lett 2010;1:1388–93. 
[8] Sohn JI, Choi SS, Morris SM. Novel Nonvolatile Memory with Multibit Storage Based on a ZnO Nanowire Transistor. 
Nano Lett 2010;10:4316–20. 
[9] Heller I, Chatoor S, Ma¨nnik J, Zevenbergen M, Oostinga J, Morpurgo A et al. Charge Noise in Graphene Transistors. 
Nano Lett 2010;10:1563–7. 
[10] Liao L, Fan HJ, Yan B, Zhang Z, Chen LL, Li BS et al. Ferroelectric Transistors with Nanowire Channel: Toward 
Nonvolatile Memory Applications. ACS Nano 2009;3:700–6. 
[11] Huang YH, He J, Zhang Y, Dai Y, Gu YS, Wang S, Zhou C. Morphology, structures and properties of ZnO nanobelts 
fabricated by Zn-powder evaporation without catalyst at lower temperature. J Mater Sci 2006;41:3057–62. 
[12] Pan ZW, Dai ZR , Wang ZL. Nanobelts of semiconducting oxides. Science 2001;291:1947–9. 
[13] [13] Gao PX, Wang ZL. Self-assembled Nanowire-Nanoribbon Junction Arrays of ZnO. J Phys Chem B 
2002;106:12653–8. 
[14] [14] Wang XD, Gao PX, .Li J, Summers CJ, Wang ZL. Rectangular porous ZnO-ZnS nanocables and ZnS nanotubes. Adv 
Mater 2002;14:1732–5. 
[15] Wang L, Chen KZ, Dong LF. Synthesis of Exotic Zigzag ZnO Nanoribbons and Their Optical, Electrical Properties. J 
Phys Chem C 2010;114:17358–61. 
[16] Sun Y, Fox NA, Fuge GM, Ashfold M. Toward a Single ZnO Nanowire Homojunction. J Phys Chem C 2010;114:21338–
41. 
[17] Chen SW, Lee CC, Chen MT, Wu JM. Synthesis of BiFeO3/ZnO core–shell hetero-structures using ZnO nanorod positive 
templates. Nanotechnology 2011;22:115605-1–115605-7. 
[18] Zhou H, Chisholm MF, Pant P, Chang HJ, Gazquez J, Pennycook SJ et al. Atomic structure of misfit dislocations in 
nonpolar ZnO/Al2O3 heterostructures. Appl Phys Lett 2010;97:121914-1–121914-3. 
[19] [19] Zhang XM, Lu MY, Zhang Y, Chen LJ, Wang ZL. Fabrication of a High-Brightness Blue-Light-Emitting Diode 
Using a ZnO-Nanowire Array Grown on p-GaN Thin Film. Adv Mater 2009;21:2767–70. 
[20] Zeng HB, Duan GT, Li Y, Yang SK, Xu XX, Cai WP. Blue Luminescence of ZnO Nanoparticles Based on Non-
Equilibrium Processes: Defect Origins and Emission Controls. Adv Mater 2010;20:561–72.  
[21] Yang Y, Qi JJ, Guo W, Liao QL, Zhang Y. Mechanical and longitudinal electromechanical properties of Sb-doped ZnO 
nanobelts. Cryst Eng Comm 2010;12:2005–7.  
[22] Yang Y, Guo W, Qi JJ, Zhang Y. Flexible piezoresistive strain sensor based on single Sb-doped ZnO nanobelts. Appl 
Phys Lett 2010;97:223107-1–223107-3. 
[23] Yang Y, Liao QL, Qi JJ, Zhang Y, Tang LD, Ye N. PtIr/ZnO nanowire/pentacene hybrid back-to-back double diodes. 
Appl Phys Lett 2008;93:133101-1–133101-3. 
[24] Zhao J, Yan XQ, Yang Y, Huang YH, Zhang Y. Raman spectra and photoluminescence properties of In-doped ZnO 
nanostructures. Mater Lett 2010;64:569–72. 
[25] Keem K, Jeong DY, Kim S. Fabrication and Device Characterization of Omega-Shaped-Gate ZnO Nanowire Field-Effect 
Transistors. Nano Lett 2006;6:1454–8 
[26] Sze SM and  Ng KK. Physics of Semiconductor Devices. Third edition. Wiley Interscienc Canada, 2007, p. 375. 
 
